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© Well cementing compositons. 



© Low fluid loss salt-saturated cement slurries for oil and gas well cementing operations, comprise hydraulic 
cement: salt-saturated water present in an amount sufficient to form a pumpable slurry: and a fluid loss-reducing 
complex comprised of the reaction product of polyethyieneimine having a molecular weight above about 50,000 
and one or more sulfonated organic compounds selected from lignosulfonic acid salts having Na, Ca or NH* as 
the associated cation and naphthalene sulfonic acid condensed with formaldehyde, having a molecular weight 
above about 5.000. 
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The present invention relates to well cementing compositions, more particularly to low fluid loss salt- 
saturated cement slurries and their use in oil and gas well cementing operations. 

In oil and gas well primary cementing, a hydraulic cement slurry is pumped down a well bore 
penetrating a subterranean formation through a steel conduit disposed in the well bore, and back up through 
5 the annulus between the conduit and the well bore. Upon setting, the cement bonds and supports the 
conduit within the well bore and prevents fluid movement between subterranean formations penetrated by 
the well bore. To be useful as an oil field cementing slurry, the cement slurry, among other things, must be 
capable of allowing adequate placement time before setting, have low viscosity while being pumped, resist 
fluid loss into subterranean formations, have low free water separation and have rapid short-term strength 

10 development. . 

In a number of primary cementing applications, the use of aqueous salt saturated cement slurries is 
advantageous. The salt, generally sodium chloride, functions as a dispersant in the slurry, and causes the 
slurry to expand upon setting whereby the attainment of a good bond between the well bore and casing 
upon setting of the slurry is enhanced. In addition, aqueous salt-saturated cement slurries help prevent the 
swelling of clays and the sloughing of salt-contaning shale and other formations which in turn prevent 
problems such as bridging and lost circulation. 

In remote or offshore locations where the availability of bulk blending equipment is limited, liquid fluid 
loss reducing additives for forming low fluid loss cement slurries are advantageous. Such liquid additives 
can be added directly to the water to form the slurry without the need for special mixing equipment 
>o The present invention provides low fluid loss, low viscosity aqueous salt-saturated cement slurries 
comprised of hydraulic cement, salt-saturated water present in an amount sufficient to form a pumpable 
slurry and a fluid loss reducing complex comprised of the reaction product of polyethyleneimine having a 
molecular weight above about 50,000 and at least one sulfonated organic compound. The sulfonated 
organic compound is selected from lignosulfonic acid salts having Na, Ca. or NH* as the associated cation, 
25 and naphthalene sulfonic acid condensed with formaldehyde having a molecular weight above about 5.000. 
Mixtures of such compounds may be used. • , , •„„ *u» 

The cement slurries can be prepared by directly combining the individual chemicals forming the 
reaction product i.e. the polyethyleneimine and sulfonated organic compound(s) can be combined directly 
with the mixing water utilized prior to combining hydraulic cement and salt therewith; or a liquid fluid loss 
30 reducing additive of the present invention described hereinbelow can be combined with the mixing water. 
The individual chemicals cannot be combined with the mixing water after the salt has been combined 
therewith because the fluid loss reducing reaction product will not adequately form in the presence of the 
salt 

The liquid fluid loss reducing additives of this invention are comprised of water, a base present in the 
as water in an amount sufficient to raise the pH thereof to a level in the range of from about 13 to about 14, 
polyethyleneimine having a molecular weight above about 50,000 and at least one sulfonated organic 
compound selected from the group consisting of lignosulfonic acid salts having Na, Ca. or NH. as the 
associated cation and naphthalene sulfonic acid condensed with formaldehyde having a molecular weight 
above about 5.000. 

40 Methods of using the low fluid loss aqueous salt saturated cement slurries of the invention for 
cementing oil and gas wells are also provided. The methods comprise introducing a low fluid loss aqueous 
salt saturated cement slurry into the annulus between a conduit disposed in a well bore penetrating a 
subterranean formation and the well bore, and allowing the slurry to set therein. 

The slurries have reasonable thickening times, low free water values, good rheological properties. 
-»5 exhibit rapid short-term strength development and have low fluid loss. 

The low fluid loss aqueous salt saturated cement slurries of the present invention exhibit low water loss 
to permeable formations contacted by the slurries during and after placement in a zone to be cemented. 
Once placed, the slurries set into hard masses having required strengths and other characteristics. 

While various hydraulic cements can be utilized in forming the slurries. Portland cements of the various 
so types identified as API Classes A through H and J cements are commonly utilized. These cements are 
identified and defined in API Specification for Materials and Testing for Well Cements. API Spec. 10. 3rd 
Edition. July 1, 1986. of the American Petroleum Institute to which reference should be made for further 
details. 

In the low fluid loss aqueous salt saturated cement slurries of this invention, the hydraulic cement is 
preferably an API Class A through H or J Portland cement, and the salt is generally sodium chloride. 
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The mixing water for the slurries can be fresh water, brine or sea water, and the mixing water is salt 
saturated by the addition of salt thereto, either before or during mixing with the hydraulic cement When sea 
water is utilized as the mixing water for a slurry, sodium hydroxide is combined therewith in an amount 
sufficient to precipitate magnesium ion present in the sea water as magnesium hydroxide prior to combining 
5 the other components of the slurry with the water. 

The liquid fluid loss reducing additive of this invention which can be utilized to form a low water loss 
saturated salt slurry of the invention is comprised of the reaction product of one or more polyethyleneimines 
having a molecular weight above about 50.000, preferably 80,000. and one or more sulfonated organic 
compounds selected from the group consisting of lignosulfonic acid salts having Na. Ca. or NhU as the 
w associated cation, and naphthalene sulfonic acid condensed with formaldehyde having a molecular weight 
above about 5,000. 

As mentioned above, the polyethyleneimine and sulfonated organic compound can be added directly to 
the mixing water utilized for forming the cement slurry wherein they react to form the fluid loss reducing 
reaction product but the water cannot be saturated with salt when the addition is made. That is. the addition 
75 of the individual chemicals which react to form the fluid loss reducing complex must be added to the water 
prior to saturating the water with salt, and most preferably, prior to combining the salt, hydraulic cement and 
any other components utilized in the slurry with the water. 

The sulfonated organic compounds suitable for use in accordance with this invention are lignosulfonic 
acid salts, e.g sodium, calcium or ammonium Hgnosulfonates, and naphthalene sulfonic acid condensed with 
20 formaldehyde having a molecular weight above about 5000. preferably 8000. While, for reasons which are 
not presently understood, some experimentally prepared Hgnosulfonates were not operable, commercially 
available sodium, calcium or ammonium Hgnosulfonates and naphthalene sulfonic acid condensed with 
formaldehyde, either by themselves or in admixture, react with polyethyleneimine to form a polymer 
complex which functions to reduce fluid loss from aqueous salt saturated cement slunies. 
?s The fluid loss reducing complex comprised of the reaction product of polyethyleneimine and the 
sulfonated organic compound or compounds used is preferably present in the cement slurry in an amount 
in the range of from about 0.25% to about 2% by weight of dry cement utilized, most prefer ably in an 
amount of about 1% by weight of dry cement utilized. 

The relative quantities of the polyethyleneimine and sulfonated organic compound forming the reaction 
w product can vary. Preferably, the polyethyleneimine is added in an amount in the range of from about 0.5% 
to about 1.5% by weight of the dry cement utilized, most preferably about 0.7% by weight, and the 
sulfonated organic compound or compounds are added in an amount in the range of from about 0.2% to 
about 0.5% by weight of dry cement utilized, most preferably about 0.3% by weight. 

A particularly preferred low fluid loss aqueous salt saturated cement slurry of the present invention is 
is comprised of hydraulic cement, sodium chloride saturated water present in an amount sufficient to form a 
pumpable slurry, and a fluid loss reducing complex comprised of the reaction product of polyethyleneimine 
having a molecurlar weight of about 80,000 and sulfonated organic compounds comprised of a mixture of 
sodium lignosulfonate having Na, Ca, or NHU as the associated cation and naphthalene sulfonic acid 
condensed with formaldehyde having a molecular weight of about 8,000. The fluid loss reducing complex 
o formed is preferably present in the salt saturated cement slurry in an amount in the range of from about 
0.25% to about 2% by weight of dry cement utilized, most preferably about 1% by weight. The complex is 
preferably the reaction product of polyethyleneimine added in an amount in the range of from about 0.5% 
to about 1.5% by weight of dry cement, most preferably about 0.7% by weight, sodium lignosulfonate 
added in an amount in the range of from about 0.1% to about 0.3% by weight of dry cement, most 
preferably about 0.15% by weight and naphthalene sulfonic acid condensed with formaldehyde added in an 
amount in the range of from about 0.1% to about 0.3% by weight of dry cement, most preferably about 
0.1 5% by weight. 

The liquid fluid loss reducing additives which can be utilized to prepare the low fluid loss aqueous salt 
saturated cement slurries are preferably combined with the slurry mixing water prior to adding other 

so components thereto. The liquid additives are comprised of water, a base present in the water in an amount 
sufficient to raise the pH thereof to a level in the range of from about 13 to about 14, and the reaction 
product formed from polyethyleneimine having a molecular weight above about 50,000 and a sulfonated 
organic polymer selected from the group consisting of sodium, calcium or ammonium Hgnosulfonates, 
naphthalene sulfonic acid condensed with formaldehyde having a molecular weight above about 5,000. and 

55 mixtures of such compounds. 
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7<tZ™. The add-on of the base and the corresponding increase .n the pH of the water allow 
additives to have relatively long shelf lives without appreciable phase separation 

* Po'efhySimine is preferably added to a liquid additive of ^th 
a h« lrt 7% to about 15% by weight of the additive, most preferably about 12/o by weigm, wiw uw 

from the polyethyleneimine and sulfonated organic compound or compounds ,s present ,n the addrt,ve 

sodiS rXSTSSnS • *e water in an amount sufficient to raise the pH thereof to a level or about U 

loss aqueous salt saturated cement slurry of the present invention using the 
JiESZfrXZi additive. tSe additive is combined with the mixingwater^ 
of from about 2% by weight to about 9% by weight of dry cement to be used, most preferably about oy 

Wei Cl d wf. C u?dTJs salt saturated cement slurries of the present invention can include other comport, 
such^s Sea flour to Prevent cement strength deterioration in high temperature environments and I sodium 

^r'^dance with the method of the present invention, a conduit in a well bore penetrating a 

^ ToTdS S^Z'lustrate the present invention and to facilitate a clear understanding of the slurries, 
additives and methods thereof, the following examples are given. 
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Various aaueous salt saturated cement slurries are prepared comprised of salt saturated fresh water, 
J^J^^S^ loss reducing component comprised of polyethyleneimine having a molecular 
^f^oTtoW and various sulfonated organic compounds. The slurries are tested ^iree^ 
S loss and thickening time in accordance with API standard procedures. The results of these tests are 



given in Table I below. 
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NOTES TO TABLE 1 

1 Sulfonated organic compound A is calcium Hgnosulfonate. 

2 Sulfonated organic compound B is naphthalene sulfonic acid condensed with formaldehyde having 
5 a molecular weight of about 8,000. 

3 Sulfonated organic compound C is naphthalene sulfonic acid condensed with formaldehyde having 

a molecular weight of about 2500. 

4- Sulfonated organic compound D is- sodium Hgnosulfonate. 

5 Polyethyleneimine A is a blend of polyethyleneimine having a moiecurlar weight of about 80,000 

70 and polyvinylpyrrolidone. 

6 Polyethyleneimine B is substantially pure polyethyleneimine having a molecular weight of about 

80,000. 

7 Dry blended in cement All other tests were conducted by predissolving the sulfonated material in 
the mix water, adding the polyethyleneimine and, finally, the dry blended cement, salt and silica flour. 

75 8 Blew out immediately. 

9 No definite boundary between fluid which did and did not contain cement particles. However, these 
slurries were characterized by unacceptable density segregation within the 250 ml graduated cylinder. 

10 One (1) sack equals 94 pounds (42.3 kg) of cement. 

1 1 Computed value. 

20 From Table 1 it can be seen that iignosuifonic acid salts and naphthalene sulfonic acid condensed with 
formaldehyde having a molecular weight of about 8,000 achieve the best results. In addition, it can be seen 
that naphthalene sulfonic acid condensed with formaldehyde having a molecular weight of about 2500 does 
not function to produce a fluid loss reducing complex. 



25 



Example 2 



The procedure of Example 1 is repeated utilizing different combinations of sulfonated organic com- 
pounds. Standard API viscosity and compressive strength tests are also carried out on the slurries. The 
30 results of these tests are given in Table II below. 
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From Table II it can be seen that polyethylene! mine and a mixture of a lignosulfonic acid salt and 
naphthalene sulfonic acid condensed with formaldehyde having a molecular weight of about 8.000 produce 
cement slurries having excellent fluid loss and other properties. 
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Example 3 



thereof are as follows: 



to 



is 



20 



25 



30 



Component 

50% by wt. aqueous 
solution of NaOH 

40% by wt- aqueous 
solution of a sodium 
lignosulfonate 

33% by wt. aqueous 
solution of naphthalene 
sulfonic acid condensed 
with formaldehyde 
having a MW of about 
8,000 

polyethyleneimine 



NaCl 



Amount Utilized 

0.4 gal/barrel water 
(i.e. 0.4 volumes per 
42 volumes water) 

0.12 gal/sack 
(0.01 m 3 /kg) of 
cement 

0.15 gal/sack 
(.014 m 3 /kg) of 
cement 



0.4 gal/sack 
(.036 m 3 /kg) 
of cement 

31% by weight of water 



Identifying 
Designation 
Used in 
Table III , 
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The results of these tests are given in Table HI below. 
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TABLE III 

Effect of Mixing Order on Properties of 
s 16.2 lb/gal (1.94 g/cm 3 ) Salt Saturated Sea Water Cement 
Slurries Comprised of Class G Cement, 
35% by weight (of dry cement) Silica Flour and 
Various Fluid Loss Reducing Complexes 

w 165°F (74°C) 

Atmospheric 
Consistometer l65°F (74°C) 
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Order of 


Mix 




(BC ) 




Fluid Loss 


1st 


2nd 


3rd 


4th 


5th 


Initial 


20 Min 


(cc/30 min 


A 


B 


ci 


D 


E 


5 


9 


128 4 


A 


C 


B 


D 


E 


5 


8 


1584 


A 


D 


B 


C 


E 


6 


8 


148 4 


E 


A 


B 


C 


D 


15 


17 


5944 


B 


C 


D 


A 


E 


25 


30 


B.0.2 


B 


C 


D 


E 


A 


18 


603 





25 2 



1 Prepared as a 33% solution. 



Blew out immediately . 

3 Attained 60 Be after 2 minutes, test terminated. 

4 Computed value. 

From Table III it can be seen that treating the water with a base prior to -adding the components which 
form the fluid loss reducing complex and the salt reduces the viscosity of the slurry. Also, the components 
forming the fluid loss reducing complex must be added to the water prior to adding the salt 

Example 4 

A liquid fluid loss reducing additive of the present invention is prepared by first combining sodium 
hydroxide with a quantity of fresh water to raise the pH to about 14. The additive is formed by combining 
polyethyleneimine in an amount of about. 12% by weight of the additive, naphthalene sulfonic acid 
condensed with formaldehyde having a molecular weight of about 8,000 in an amount of about 2.5% by 
weight of the additive and a, sodium lignosulfonate in an amount of about 2.5% by weight of the additive 
with the caustic water. The resulting additive contains the fluid loss reducing reaction product in an amount 
of about 17% by weight of the additive. 

Portions of the additive described above are combined with salt saturated sea water to which a small 
amount of 50% sodium hydroxide is added. The water is then utilized to form a cement slurry by combining 
cement and silica flour therewith. The resulting slurries are tested for fluid loss, thickening time, viscosity, 
free water and compressive strength in accordance with standard API procedures. The results of these tests 
are set forth in Table IV below. 
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From Table IV it can be seen that the fluid loss reducing additive of the present invention is effective in 
forming low fluid loss aqueous salt saturated cement slurries. 

5 

Example 5 

The fluid loss additive described in Example 4 is used to form cement slurries having various quantities 
of silica flour, calcium lignosulfonate and sodium silicate included therein. The slurries are tested for free 
w water, fluid loss, thickening time and compressive strength in accordance with standard API procedures. 
The results of these tests are given in Table V below. 
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The preceding examples can be repeated with similar success by substituting the generically or 
specifically described reactants of this invention for those used in the examples. From the foregoing 
description, one skilled in the art can easily ascertain the essential characteristics of this invention, and 
5 without departing from the spirit and scope thereof, can make various changes and modifications to adapt 
the invention to various usages and conditions. 



Claims 

io 

1. A low fluid loss aqueous salt saturated cement slurry comprising hydraulic cement; salt-saturated 
water present in an amount sufficient to form a pumpable slurry; and a fluid loss-reducing complex 
comprised of the reaction product of polyethyleneimine having a molecular weight above about 50,000 and 
one or more sulfonated organic compounds selected from lignosulfonic acid salts having Na, Ca or NJ-L as 

T5 the associated cation and naphthalene sulfonic acid condensed with formaldehyde, having a molecular 
weight above about 5,000. 

2. A slurry according to claim 1 , wherein the amount of said fluid loss-reducing complex in said slurry is 
from about 0.25% to about 2.0% by weight of dry cement. 

3. A slurry according to claim 1 or 2. wherein said complex is comprised of the reaction product of said 
20 polyethyleneimine in an amount of from about 0.5% to about 1.5% by weight of dry cement and said 

sulfonated organic compound(s) in an amount of from about 0.2% to about 0.5% by weight of dry cement 

4. A slurry according to claim 1 or 2, wherein a mixture of sodium lignosulfonate and naphthalene 
sulfonic acid condensed with formaldehyde having a molecular weight of about 8,000, is used as the 
sulfonated organic compounds. 

25 5. A slurry according to claim 4. wherein said complex is comprised of the reaction product of (1) said 

polyethyleneimine in an amount of from about 0.5% to about 1.5% by weight of dry cement. (2) said 

sodium lignosulfonate in an amount of from about 0.1% to about 0.3% by weight of dry cement, and (3) 

said naphthalene sulfonic acid condensed with formaldehyde in an amount of from about 0.1% to about 

0.3% by weight of dry cement. 
30 6. A slurry according to any of claims 1 to 5, wherein said salt-saturated water is sea water saturated 

with sodium chloride, and wherein said slurry also contains sodium hydroxide in an amount sufficient to 

precipitate any magnesium ion present in said sea water. 

7. A slurry according to any of claims 1 to 6. which further includes silica flour in an amount of about 

20% to about 40% by weight of dry cement. 
35 8. A slurry according to any of claims 1 to 6, which further contains sodium silicate in an amount of 

from about 1 .0% to about 3.0% by weight of dry cement 

9. A method of cementing a conduit in a well bore penetrating a subterranean formation, comprising 

introducing a slurry as claimed in any of claims 1 to 8. into the annulus between said conduit and said well 

bore, and allowing said slurry to set. 
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